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Abstract—Interval valued bipolar fuzzy weighted 
neutrosophic set(IVBFWN-set) is a new generalization of 
fuzzy set, bipolar fuzzy set, neutrosophic set and bipolar 
neutrosophic set so that it can handle uncertain information 
more flexibly in the process of decision making. Therefore, in 
this paper, we propose concept of IVBFWN-set and its 
operations. Also we give the IVBFWN-set weighted average 
operator and IVBFWN-set weighted geometric operator to 
aggregate the IVBFWN-sets, which can be considered as the 
generalizations of some existing ones under fuzzy, 
neutrosophic environments and so on. Finally, a decision 
making algorithm under [VBFWN environment is given based 
on the given aggregation operators and a real example is used 
to demonstrate the effectiveness of the method. 


Keywords—Neutrosophic set, interval valued neutrosophic set, 
IVBFWN-set, average and geometric operator, multi-criteria decision 
making. 


I. INTRODUCTION 


To overcome containing various kinds of uncertainty, the 
concept of fuzzy sets [18] has been introduced by Zadeh. 
After Zadeh, many studies on mathematical modeling have 
been developed. For example; to model indeterminate and 
inconsistent information Smarandache [13] introduced the 
concept of neutrosophic set which is independently 
characterized by three functions called truth-membership 
function, indeterminacy-membership function and falsity 
membership function. Recently, studies on neutrosophic sets 
are made rapidly in [1,2]. 


Bipolar fuzzy sets, which are a generalization of Zadeh’s 
fuzzy sets [18], were originally proposed by Lee [9]. Bosc and 
Pivert [4] said that “Bipolarity refers to the propensity of the 
human mind to reason and make decisions on the basis of 
positive and negative effects. Positive information states what 
is possible, satisfactory, permitted, desired, or considered as 
being acceptable. On the other hand, negative statements 
express what is impossible, rejected, or forbidden. Negative 
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preferences correspond to constraints, since they specify 
which values or objects have to be rejected (i.e., those that do 
not satisfy the constraints), while positive preferences 
correspond to wishes, as they specify which objects are more 
desirable than others (i.e., satisfy user wishes) without 
rejecting those that do not meet the wishes.” Presently, works 
on bipolar fuzzy sets are progressing rapidly in [3,4,8-12,17]. 
Also, bipolar neutrosophic set(BN-set) and its operations is 
given in [7]. 


In this study, to handling some uncertainties in fuzzy sets and 
neutrosophic sets, the extensions of fuzzy sets[18], bipolar 
fuzzy sets[9], neutrosophic sets[13] and bipolar neutrosophic 
sets[7], interval valued bipolar fuzzy weighted neutrosophic 
sets with application are introduced. 


Il. PRELIMINARIES 


In the section, we give some concepts related to bipolar 
fuzzy sets, neutrosophic sets, interval valued neutrosophic set, 
and bipolar neutrosophic sets. 


Definition 2.1. [14] Let X be a universe of discourse. Then a 
single valued neutrosophic set is defined as: 


Ags = {(x,T, (x), 1,(x),F,(x)) :xE X} 
which is characterized by a _ truth-membership 
function T (x): X — [0,1], an indeterminacy-membership 
function 7,(x): X —> [0,1], and a falsity-membership function 
F,(x):X > [0,1]. There is not restriction on the sum of 


T,(x),1,(x), and F, (x) so 0 <T, (x) < L) < F,(x) <3. 





Definition 2.2. [15] Let X, be a space of points (objects) 
with generic elements in X, denoted by x. An interval 
valued neutrosophic set (for short IVNS) A in X, is 
Ti, 
and falsity- 


characterized by truth-membership function 


indeteminacy-membership function J,(x), 
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membership function F’,(x). For each point x in X, we 
have that 7,(x),/,(x), F(x) c [0, 1]. 

For two IVNS 

Arys = {(x,[inf T, (x), sup T,(x)], [inf 7, œ), sup 710], 

[inf F, (œ), sup F,(x)]) :xE X} 

and 

Bie { (x. [inf T, (x), sup T (x) ],[inf I, (x),sup J, (x)], 

[inf F, (x),sup F, (x)]): xe Xx} 


Then, 

1. Anys S Brys tfand only if 
inf T, (x) < inf T, (x), sup T, (x) < supT, (x), 
inf Z, (x)2inf 7, (x), supZ, (x) 2 supZ, (x), 


sup F, (x) 2 sup F, (x), sup F, (x) = sup F, (x) 
forall xe X. 


2. Anys = Brys if and only if 
inf T, (x)=inf T; (x), supT, (x)= supT, (x), 
inf Z, (x)=inf 7, (x), sup/,(x)=sup/, (x), 
sup F, (x)= sup F; (x), sup F, (x) =sup F, ( 
for any xe X. 


3. Ams” if and only if 
Awns = {(x,[inf F, (x), sup F,(x)],[1- sup 1, (2), 
1-inf ,(x)],[inf 7,(x),sup7,(x)]): x € X} 


4. Anys O Bys 1f and only if 
Awns O Brys = {(x [inf T, (x) A inf T, (x), 
sup T(x) AsupT7, (x)], [inf T,(x)v inf I, (x), 
sup / ,(x) v sup J, (x)], [inf F, (x) v inf F, (x), 
sup F, (x) v sup F, (x)}) xe x} 

5. A 


IVNS 


U Bwys 
Arys Y Brys = f(x, [inf T(x) v inf T; (x), 

sup T(x) v supT, œ], [inf T(x) Ainf I(x), 
sup Z, (x) ^ sup Z; (x)], [inf F, (x) A inf F, (x), 


sup F, (x) ^A sup F, (x)}) xe x} 


if and only if 


Definition 2.3. [9] Let X be a non-empty set. Then, a bipolar- 
valued fuzzy set, denoted by A,, is defined as; 


App = (x a5 (x), 4z (x)) xe x} 
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Where 4} (x): X — [0.1] and 4 (x): X > [0,1]. The 
positive membership degree 4} (x) denotes the satisfaction 
degree of an element x to the property corresponding to A,, 
and the negative membership degree yu, (x) denotes the 


satisfaction degree of x to some implicit counter property of 
App: 


Definition 2.4. [7] A bipolar neutrosophic set A in X is 
defined as an object of the form 


A= f(T OT OF ET (x), T (x), F): xex}, 
where 7*,7*,F*:X [1,0] and 7-7, F: x —+[-1,0]- 

The positive membership degree T* (x), I* (x), F* (x) denotes 
the truth membership, indeterminate membership and false 
membership of an element xe X corresponding to a bipolar 
neutrosophic set A and the negative membership degree 
T (x) I (x),F (x) denotes the truth 
indeterminate membership and false membership of an 


element xeX to some implicit counter-property 
corresponding to a bipolar neutrosophic set 4. 


membership, 


Definition 2.5. [7] Let 

A {ET C1 CLF OT (a)i (a) EA): xex) 
and 

4 = al OL OE T ORMON @)):x€ x} 
be two bipolar neutrosophic sets. 


Then 4 CA, if and only if 


T (x)< TO) TO) <x). FX) 2 F(x), 
and 

TVL (x), T,(4) 27,04), F(x) SF (x) 
for all xe X. 


Then A, = A, if and only if 

TOT, K= E), FO =F'@ 
and 

TO=, =e), FE) a) 
forall xe X. 


Then their union is defined as: 
(4, VA, Xx)= 


{max {7 r o0) TREE) 


1 (x)+1, (x) 
2 


, min {F œ, F} (x)} > 


min{T, (x), T; (x)} > 


rall xe xX. 


„max {F (x), Fy (x)}} fo 
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IV. 
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Then their intersection is defined as: 

(4,14, )(x) = 

T(x) +17) 

a 

L+ 
2 


{min {7;"(x),7;(x)}. max {F (x), FF}, 


max {T7 (x), T; (x)}, 


rall xeX. 


min {F (x),Fy (x)}} fo 


Then the complement of Æ is denoted by 4° and is 
defined by 
TOM- 
F* (x) = {À} -Fj E) 

and 

TO- 
F œ@=1}-F70), 
forall xe X. 


O=- 


TO=- , 


Definition 2.6. [7] Let 

A= eS L CNE E (T hE (x)) xe x} 
and 

A= eas (x), Ly" (x), Fy (2), Ty (x), 1y (x), Fy (x)) :xE x} 


be two bipolar neutrosophic number. Then the operations for 
these numbers are defined as below; 


a aahi (ef day (tein) 
-(-0-C#)))) 
b. a =((T Ý a-0-E $ a1-(4-F' Ù, 


li-a- ). Cay -#y) 


& AASTATE G R FE i Iys 








GF -i -F ;)} -CF -F; -F,F;)) 
d. AA, = (TT, +1, -Fi +F} -F Fy, 
Ch -i N Gee) 
where 1 > 0. 
Definition 2.7. [7] Let 
a= ETALE OT (aT EW) xe x} 
be a bipolar neutrosophic number. Then, the score function 


s(a) , accuracy function a(a) and certainty function c(a) of 
an NBN are defined as follows: 


s(4) 


a(ã)=T*-F*+T -F 








Uges Paar Hier er Fj 
6 


c(a)=T* -F 


Definition 2.8. [7] Let 

aa AFT, Cah, aaah) 

be a family of bipolar neutrosophic numbers. Then, 
a) Fy: 


average operator if it satisfies; 


3,25 is called bipolar neutrosophic weighted 





b) H,:3, 3 is called bipolar neutrosophic weighted 
geometric operator if it satisfies; 


n 





n n 


My TY") 


j=l j=l 








í ie" } 
jel 
where w, is the weight of aj =1,2,...,), w, e[0,1] and 


n 
Èv, =l. 
jal 


III. INTERVAL VALUED BIPOLAR FUZZY WEIGHTED 
NEUTROSOPHIC SET 
In this section we give concept of IVBFWN-set and its 
operations. Also we give the IVBFWN-set weighted average 
operator and IVBFWN-set weighted geometric operator with 
properties to aggregate the [VBFWN-sets based on the study 
given in [7]. 


Definition 3.1. A interval valued bipolar fuzzy weighted 
neutrosophic set(IVBFWN-set) A in X is defined as an 
object of the form 
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4={(x[7/ 0.7/0] [FO] [FOF], 

[TARARE R] 
where 7,7; 17.13.77 ,.F¢:X —>[0,1] and T; ,T;, I, Ipo 
F, ,F; :X >[-L0] . Also p:X —>[0,1] fuzzy weighted 


index of the element x in X. 


Example 3.2. Let X = {x,,x,,x,}. Then 


(x,,[0.3,0.9],[0.1,0.8].[0.2, 0.5],[-0.8,-0.7],[-0.5,-0.1],[-0.4,-0.3],0.5), 
A=4(x,,[0.3,0.8],[0.3,0.9],[0.1,0.2],[-0.7,-0.6],[-0.6,—0.2],[-0.6,-0.2],,0.7), 


(x,,[0.4,0.7],[0.5,0.7].[0.3,0.4].[-0.9,-0.5].[-0.4,-0.3].[-0.8, -0.1],0.8) 
is a IVBFWN subset of X . 


Theorem 3.3. A IVBFWN-set is the generalization of a 
bipolar fuzzy set and bipolar neutrosophic set. 


Proof: Straightforward. 


Definition 3.4. Let 
aO roo hEr], 


EKOSMOEMOS MOIMOI HOITO ELES 


and 

4 = a TL wE wF], 
[rT h [EE]: xE} 
be two IVBFWN-sets. 


1. Then A, CA, if and only if 


T(x) <T? (x), T(x) ST" (x), I œ) 2I (x), 
rœ a), F&F? (x), F} (x) 2 F? (x), 
T (x) ST, (x), T (x) ST, (x), IT œ (x), 
T œz (x), F œF (x), FoF œ, 
and 

P) < pr) 

forall xe X. 


2. Then A, = A, ifand only if 


T*(x)=T* (x), 
o=., 
T œ) =T (x), 
RCE CIN 
and p (x)= p,(x)forall xe X. 


T: (Œ) =T} (2), 
F* (x) = F? (x), 
T(x) =T- (2), 
F œ) =F (x), 


I’ (x) =I"), 
F+ (x)= F+ (x), 
T œ= 
PGS), 


3. Then their union is defined as: 
(4, U A, (x) = 
max {T° (x),7; (x)},max {T T: (x)} |, 
[T° (x) +00 (x) Te (x) +I (x) | 





š 


2 2 


[min {FF )} min {F7 0.2), 
[ min {T7 (x),7;, ©}, min {7 (x),7;, @} 
EO O TOE (x) | 





2 i 2 


[ max {7 (x), O} max {F(x F; w} 
forall xex. 





4. Then their intersection is defined as: 
(4, NA, (x) = 
min {T} (x),T; (x)},min {T T; ©}, 
EOE (x) EOOH, 2] 





2 i 2 


[max { F*(x), F? (x)} max {F* (x), F; w} 
| max {T7 T; (x)}, max {T T7}, 
EO TO (x) | 





2 i 2 


[min {F7 0, F7 œ} min {F7 0). F0} | 
forall xex. 





5. Then the complement of A, is denoted by 4°, is defined 
by 


A= {LF (x), Fe (x) -w TOIRE OY A œ]; 


FORLI- -RO TE]: 


Example 3.5. Let X = {x,,x,,x,}. Then 

(x,,[0.3, 0.9], [0.1, 0.8], [0.2,0.5],[-0.8,—0.7],[-0.5,-0.1],[-0.4,-0.3]), 
A, =4(x,,[0.3,0.8],[0.3,0.9].[0.1,0.2].[-0.7,-0.6].[-0.6,-0.2],[-0.6,-0.2]), 
(x,,[0.4,0.7].[0.5,0.7],[0.3, 0.4] ,[-0.9,-0.5],[-0.4,—0.3], [-0.8, -0.1]) 


(x,,[0.2, 0.8] ,[0.3, 0.6], [0.3,0.6],[-0.3,-0.2].[-0.6,-0.2].[-0.5,-0.4]), 
(x,,[0.4,0.7],[0.5,0.7],[0.2,0.3].[-0.2,-0.1].[-0.8, -0.3].[-0.9,-0.8]), 








(x,,[0.5,0.6],[0.4,0.5].[0.1,0.4],[-0.4, -0.2],[-0.9,-0.5],[-0.7,-0.6]) 
are two IVBFWN-sets in X . 
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Then their union is given as follows: 
(x,,[0.3,0.9],[0.1,0.6],[0.2,0.5],[-0.8,-0.7],[-0.5,-0.1],[-0.4,-0.3]), 
A UA, =4(x,,[0.4,0.8],[0.3,0.7],[0.1,0.2].[-0.7,-0.6].[-0.6,-0.2],[-0.6,-0.2]), 
(x,,[0.5,0.7],[0.4,0.5],[0.1,0.4],[-0.9,-0.5].[-0.4,-0.3],[-0.7,-0.1]) 
Then their intersection is given as follows: 
(x,,[0.2,0.8],[0.3,0.8],[0.3,0.6],[-0.3,-0.2],[-0.6,-0.2],[-0.5,-0.4]), 
A OA, =4(x,,[0.3,0.7],[0.5,0.9],[0.2,0.3],[-0.2,-0.1],[-0.8,-0.3],[-0.9,-0.8]), 
(x,,[0.4,0.6],[0.5,0.7].[0.3,0.4],[-0.4,-0.2],[-0.9,-0.5],[-0.8,-0.6]) 











Definition 3.6. Let 

A =T OTO [2.0.20] [FOF], 
EOSO SMAELE), 

and 

4, =([7;@).7, 0) [1 2%, ],[£,0.F, 09], 
[7.7 @)].[F, 4,0) | [F,0.F,@)].7.0)) be 
two IVBFWN-numbers. 


. Then the operations for [VBFWN-numbers are defined as 
below; 


i. aa =l -rif 1-1-7)’, 
(22) (ta) Eey] 
(ny (mY l ee ay’), 














-r-r 


ii 4+4 =([Ti+T4 





Ti-Ti Tir + Tir He |» 
[HDi sielie | Ries ll le T> 
ee le eee eee 
(Ir Le Tita) |--F; -Fz - 
(Er Fr Fr Fal) 


iv. AA, paa T aaa 


Fie rP) 


[k h a lee) 


|F; +F, -Fi Fi, Fh + Fir -FE |, 
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eh -ir -Tr Ta) Air irig) 


Ree ant ir oe) [Fz Foyt z) 


where J > 0. 


Definition 3.7. Let 

w= (Te heidi Ea eT]: 

[ic te | [Fc Fe J) 

be a IVBFWN-number. Then, the score function S(ã) 


accuracy function A(@) and certainty function C(ã) of an 
NBN are defined as follows: 


S(a)= POr T ie ie 





tl-F +1-F, 4 


1+7; +1+T, -1; -1, -F, -Fy) 


L R 








A(4)= pTi 
C(4) = POT, a 


The comparison method can be defined as follows: 


T} - F} Fe +T; +T; oR) 





Tz =F; =F) 


i. If S(ã&)>S(ã), then a, is greater than &,, that is, 
a, is superior toa,, denoted by a, > ã,; 
ii, If S(a)=S(a,), and A(d,)>A(d,), then 4, is 


greater than a,, that is, a, is superior to &,, denoted by 


a <ã; 
ii, If S(a)=S(a), A(a)=A(a), and C(a)> 
C(a,), then 4G, is greater than ã,, that is, a, is 


superior to a,, denoted by a, > 4a,; 
iv. If  $(a)=S(a,),  A(a,)>A(a,), and 
C(a,)= C(d,), then & is equal to ã,, that is, a, is 


indifferent to a,, denoted by a, > a,; 


Definition 3.8. Let 
a, = (71.0 x [i Le EFR [TTR] 


ee | Bee Ht ican) 


be a family of IVBFWN-numbers. A mapping 4, : 3, > 3I is 


called IVBFWN-weighted average operator if it satisfies 


=D j 
feher 


j=l j= 


A,( CEA ua 
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II a, near} 
e-s a) {te a 
tecer keteter Je) 


where w, is the weight of a, (j =1,2,...,7), w, e [0,1] and 


n 

yw, =, 
J 

jal 





Theorem 3.9. Let 


a,=([Tj jl? Tie |: ke jot Rh [Fi Fp |; [7 JL? Tp |; 
a ofa Oi Aan) 


be a family of IVBFWN-numbers. Then, 
i If a, =a forall 7 =1,2,...,n then, 


Definition 3.10. Let 


a, = (7; jL? Teh Li jL? Thh; |F; jL? Fil E JL? Tal 
[tate Ara hU n) 


be a family of IVBFWN-numbers. A mapping Gy :3, > 3 
is called IVBFWN-weighted geometric operator if it satisfies 


~ ~ ~ _ ~ wi 
Gy CE = | | a, 


j=l 


-| T(t)" TE) | 
L j= j= 
TA n Eee n a-n), 
L j=l j=l 
-T (1- F3)” ,1- 0m)" 
j=l j=l 
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1-10 cro)” } í Tl apy’ 











where w, is the weight of 4,(j=1,2,...,7), w, €[0,1] and 


n 

Èw, =, 
J 

jal 


Theorem 3.11. Let 
BULTE LFF — rh 
nir jL? E PHT, 2y.n.9 


be a family of IVBFWN-numbers. Then, 
i. Ifa, =a forall j=1,2,...,7 then, 
Gy (Gtr) =a 


ii. min a, < Gy (ånyo yä, )< 


ax a, 
J=1,2,. n j=l,2,....0 7 


J 


iif o  &s=ã} for all  j=1,2,..,n then, 
Gy (äss ã,) S CpG Oe sent, | 


Note that the aggregation results are still NBNs 


IV. NBN- DECISION MAKING METHOD 
In this section, we develop an approach based on the 4, 
(or Gy ) operator and the above ranking method to deal with 


multiple criteria decision making problems with IVBFWN- 
information. 


Suppose that 4={A,A,,...,4,} and C={C,C,,..,C,} is 
the set of alternatives and criterions or attributes, respectively. 


Let w=(w, W,- W w) be the weight vector of attributes, 
such that yw, =1, w, > 0(j=1,2,...,) and w, refers to the 
= 


weight of attribute C ,. An alternative on criterions is evaluated 


by the decision maker, and the evaluation values are 
represented by the form of [VBFWN-numbers. Assume that 


(4, in xn = (ti Tie | E dih: |F; Ei hir Tip ik 
[tie tin | FF })) 
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is the decision matrix provided by the decision maker; a, is a 


IVBFWN-number for alternative A,. associated with the 


criterions C,. We have the conditions 
+ + r+ + + + 
Tı , Tir > Tn 2 Tip 2 Fir > Fyr > and ToT; > JR ’ Tn > Tip > Fa sF, , JR e[0, 1] 


such that 
0< = Le +I +155 tI a Fi pi Er“ 
Ty, — Tr- Iz= Tir =f = Fir -= 12 


fot (i=1,2,;; m) and (j =1,2,...,7). 


Now, we can develop an algorithm as follows; 


Algorithm 


Step 1. Construct the decision matrix provided by the decision 
maker as; 


(2, yon = (Ta in e PEE Tin Tin 


tte era). 


Step 2. Compute 4, = 4, ia 
..4,,)) for each a,(i = 1,2,...,m) 


in 


sã) (or Gy(āisãn, 


Step 3. Calculate the score values of S(da,) for the (i=1, 
2,...,M) collective IVBFWN-number of 
a,(i=1,2,....m) 


overall 


Rank all the software 
m) according to the score values 


Step 4. 
G,(i =1,2,..., 


systems of 


Now, we give a numerical example as follows; 


Example 4.1. Let us consider decision making problem 
adapted from Ye [16]. There is an investment company, which 
wants to invest a sum of money in the best option. There is a 
panel with the set of the four alternatives is denoted by 
C,= car company C,= food company, C,= computer 
company, C,= arms company to invest the money. The 
investment company must take a decision according to the set 


of the four attributes is denoted by A, = risk, A, = growth, 
A, = environmental impact, A,= performance. Also, the 
attributes C „(C j=1,2,3,4) is 


Then 


weight vector of the 
w = (0.24, 0.26, 0.26,024)". 


algorithm, we have, 


the according to this 


Step1. Construct the decision matrix provided by the customer 
as; 
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Table 1: Decision matrix given by customer 
C, 











a 


[0.5,0.6],[0.2,0.5],[0.1,0.7],[—0.2,—0.1].[-0.6,-0.2], 





Da 


[0.1,0.2].[0.3,0.8],[0.2,0.4],[-0.5,—0.2],[-0.9,-0.3], 





a 


us 





( 
( 
([0.4, 0.8],[0.4,0.6].[0.4, 0.6],[-0.3 -0.2],[-0.7,-0.5],[-0.5, 0.4]) 
( 


D 


[0.6,0.9],[0.3,0.8],[0.5,0.6],[—0.8,—0.5],[—0.5,—0.1], 





C, 
[0.3,0.9],[0.1,0.8],[0.2,0.5],[-0.8,—0.7],[-0.5,—0.1], [-0.4,—0.1] 





a 





CN 


[0.2,0.8],[0.1,0.4],[0.3,0.4],[-0.5,-0.1],[-0.3,-0.1],[-0.9,-0.4] 





a 





a 


E 


[0.1,0.2],[0.8, 0.9], [0.2,0.7],[-0.5,-0.4],[-0.6,-0.3].[-0.5,-0.3] 





aeaa a’ me 


) 
) 
[0.1,0.6],[0.3,0.9],0.3,0.5],[-0.8,-0.7],[-0.4, -0.3],[-0.7, 0.6]) 
) 





C, 





a 





[0.1,0.6],[0.1,0.5],[0.1,0.4],[-0.5,-0.2],[-0.7,-0.3], [-0.4,-0.2]) 





a 


N 


[0.3,0.4],[0.1,0.6],[0.5,0.7],[—-0.5,-0.1], [-0.8,-0.7],[-0.9,—0.8] 





D 





( 

( ) 
({0.3,0.9],[0.2, 0.8], [0.2, 0.3] ,[-0.5,—0.4] ,[-0.6,—0.5],[-0.7,-0.6]) 
( ) 


os 


[0.2,0.7],[0.5,0.8].[0.8, 0.9],[-0.9, -0.8],[-0.8,-0.5],[-0.5, -0.2] 





a 





a 


[0.6,0.8],[0.4,0.6],[0.1,0.3],[-0.4,-0.3].[-0.6, -0.3],[-0.7,-0.5] 





a 


N 








a 


[0.7,0.9],[0.1,0.4],[0.2, 0.6],[—0.7,-0.6] ,[-0.9,-0.5],[-0.3, -0.2] 





( 
([0.3,0.8], [0.3,0.9],[0.1,0.2],[-0.8,—0.6],[-0.6,—0.4],[-0.4,—0.2] 
( 
( 


D 


[0.4,0.6],[0.3,0.5],[0.1,0.7],[—-0.3,—0.1],[—0. 


6,-0.5] ,[-0.7,-0.3]) 


Step 2. Compute ga, 


(i =1,2,3,4) as 


=A, CERN Gi, ) for 





,  ({0.4,0.8],[0.2, 0.6] ,[0.1,0.5] ,[-0.4,-0.3] ,[-0.6,-0.2],[-0.5,-0.3]) 





a, — ({0.2,0.6],[0.2,0.6],[0.2,0.4],[-0.6,-0.2],[-0.7,-0.4],[-0.8,-0.5 


) 
0.3,0.5],[-0.5,-0.4], [-0.7,-0.5],[-0.6,-0.5]) 





[ 
[ 
[ 
[ 


( 
a,  ([0.4,0.8],[0.2,0.7], 
( 





a,  ([0.3,0.7],[0.4,0.7],[0.3,0.7],[-0.6,-0.4],[-0.6,-0.4],[-0.5, -0.2]} 


Step 3. Calculate the score values of S(a,)(i=1,2,3,4) for 


the collective overall IVBFWN-number of 4,(i=1,2,...,m) 
as; 
S(a,) =0.56 S(a,)=0.59 S(a,) =0.57 S(a,)=0.47 


Step 4. Rank all the software systems of A,(i=1,2,3,4) 


according to the score values as; 
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A,>A,>A >A, 


and thus A, is the most desirable alternative. 


CONCLUSION 


This paper presented an interval-valued bipolar 
neutrosophic set and its score, certainty and accuracy 
functions. In the future, we shall further study more 
aggregation operators for interval-valued bipolar neutrosophic 
set and apply them to solve practical applications in group 
decision making, expert system, information fusion system, 
game theory, and so on. 
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